IMPORTANCE Readmission after pancreatectomy is common, but few data compare patterns of readmission to index and nonindex hospitals.
dicated procedures, and disease-specific prognosis likely have a role in determining whether a patient risks early hospital readmission. Furthermore, current methods that aim to adjust for these factors are imprecise and largely unproven. [10] [11] [12] [13] [14] [15] While research aimed at readmission after pancreatectomy has increased dramatically in recent years, previous studies have been limited by an inability to track readmissions to institutions that did not perform the initial procedure (ie, nonindex institutions). This flaw may be particularly prevalent in studying complex surgical procedures for which patients are more likely to travel to undergo treatment at a high-volume center. As such, it is likely that readmission rates in patients undergoing pancreatectomy have been consistently underestimated. Lacking an accurate baseline measure of readmissions, the possibility of linking this metric to reimbursement is increasingly problematic.
The objectives of the present study were to evaluate the rate of readmission to index and nonindex institutions following pancreatectomy at a tertiary high-volume institution and to identify patient-level factors predictive of those readmissions. Using a statewide data set in conjunction with an institutional database, we were able to capture readmissions to other institutions in addition to our own.
Methods

Study Design
We analyzed records from the institutional review boardapproved Johns Hopkins Pancreatic Resection Database for patients undergoing pancreatic resection at The Johns Hopkins Hospital between January 1, 2005, and December 2, 2010. A waiver of informed consent was obtained in accord with the institutional review board given the use of deidentified data that were collected during routine care. Information provided by the Pancreatic Resection Database was supplemented by data from the Maryland Health Services Cost Review Commission Non-Confidential Inpatient Discharge data set in an effort to account for readmissions to other nonindex Maryland hospitals. Because patients who reside outside of Maryland are more likely to return for readmission out of state, we excluded all non-Maryland residents. Further details on the Pancreatic Resection Database, the Non-Confidential Inpatient Discharge data set, and the methods used to link the 2 data sources, as well as a validation assessment of the technique and rationale for the included study cohort, can be found in the eMethods in the Supplement.
Our primary outcome was early readmission, defined as unplanned admission to an acute care hospital within 30 days of discharge from the index admission. Patients who experienced 30-day mortality (including death during the index admission) or underwent planned readmission were excluded from the analysis. [16] [17] [18] Primary and secondary diagnoses were identified using International Classification of Diseases, Ninth Revision, codes (eTable 1 and eTable 2 in the Supplement). As in previous studies, 17, 19 the principal diagnosis code was considered the reason for readmission and was grouped into clinically relevant categories.
Statistical Analysis
Descriptive statistics were reported for preoperative, operative, and postoperative factors using threshold values previously described in the literature. 20 
Results
Patient Demographics
Among all 623 patients admitted to our institution for pancreatectomy, 13 (2.1%) died within 30 days of the operation (10 during the index hospitalization and 3 after the index discharge), and 15 (2.4%) were readmitted for planned reinterventions. Therefore, the total cohort for the study comprised 595 patients. In total, 134 patients were readmitted to a Maryland hospital within 30 days of discharge, yielding a readmission rate of 21.5%. Patient demographics and preoperative data associated with readmission are summarized in Table 1 . Compared with the nonreadmitted cohort, readmitted patients were more frequently 65 years or older (P = .006) but were otherwise similar in terms of sex, race, and marital status. Among comorbidities, preexisting liver disease (defined by a concurrent diagnosis of viral hepatitis, cirrhosis, necrosis, other chronic liver disease, or liver disorder not otherwise specified) was significantly more common in the readmitted group (P = .04). A trend toward a higher prevalence of hypertension was observed among the readmitted group but failed to reach statistical significance (P = .06). The proportions of patients with diabetes mellitus (P = .74), hyperlipidemia (P = .31), ischemic heart disease (P = .13), and obesity (P > .99) did not differ based on readmission status.
A comparison of operative and perioperative factors based on readmission status is summarized in Table 2 . The type of resection and indication for surgery did not differ significantly between readmitted and nonreadmitted patients, and operative characteristics such as operative time (P = .17) and the need for blood transfusion (P = .36) were similar between groups. Patients who experienced a postoperative complication were significantly more likely to be readmitted. Specifically, the incidences of wound complications and intra-abdominal ab- scess, as well as the need for treatment with intravenous antibiotics and postoperative drain placement, were greater in the readmitted group (P ≤ .04). An initial hospital length of stay of 6 days or less was significantly more prevalent among the nonreadmitted group (P = .04), while a length of stay of 14 days or longer showed a trend toward occurring more frequently among the readmitted group (P = .06).
Independent Predictors of Readmission
Multivariable modeling was used to control for potential confounding and identify patient-level factors independently associated with readmission. On multivariable analysis, factors independently associated with readmission included age 65 years or older, preexisting liver disease, distal pancreatectomy, and postoperative drain placement (P ≤ .03) ( Table 3 ).
Reason for Readmission by Site
Of 134 patients readmitted, 105 (78.4%) were readmitted to our institution, and 29 (21.6%) were readmitted to an outside institution ( Table 4) . Gastrointestinal or nutritional problems (eg, pain, obstruction, and dehydration) and surgical infections were the most common reasons for readmission (41.8% and 31.3%, respectively). Compared with those patients who returned for readmission to another institution, a greater proportion of patients who returned to our institution had a gastrointestinal or nutritional problem (P = .21) or a surgical infection (P = .18), although these trends did not reach statistical significance. Nine patients (6.7%) were readmitted because of a vascular problem, while genitourinary, pulmonary, and cardiac concerns each accounted for less than 5% of readmissions. Other diagnoses (eg, uncontrolled diabetes mellitus, abnormal hematologic findings, orthopedic conditions, and psychiatric problems) accounted for 12.7% of all readmissions and were more likely to be seen at an outside institution (P < .001).
Discussion
The use of early readmission as a measure of health care quality is controversial, especially for complex diagnoses that may require multiple high-risk interventions. These concerns are particularly relevant when considering pancreatic surgery. Although the mortality associated with pancreatectomy has improved significantly during the past several years, 22, 23 early readmission after pancreatectomy is a frequent occurrence and imposes a significant burden on the health care system. 19, 24 In an effort to better understand this phenomenon, research aimed at postpancreatectomy readmission has increased dramatically in recent years. 17, [25] [26] [27] [28] [29] [30] Despite this, sev- Other studies 25, [33] [34] [35] have measured readmissions occurring months to years after the index admission and in some cases report rates in excess of 30%. Not surprisingly, up to 60% of these late readmissions are secondary to cancer progression and are not related to the index operation.
33,34
However, after accounting for the time course, a persistent obstacle to establishing a baseline rate of readmission is the inability to track readmissions to nonindex hospitals. This limitation leads to underestimation of the true readmission rate. Yermilov et al 25 showed that up to 47% of all readmissions occurring within 1 year of pancreatectomy occur at an institution other than where the original surgical procedure was performed. The frequency of returning to a nonindex institution may be lower in the early postoperative phase, but this finding underscores the critical limitation associated with a failure to account for outside readmissions. While Yermilov et al helped characterize readmission patterns, the characteristics surrounding 30-day and 1-year readmissions differ greatly.
In the present study, we analyzed the records of 623 patients who underwent pancreatectomy at our institution in an attempt to identify an overall rate of early readmissions to our institution and to others. We selected 30-day readmissions because we believe this time course is most reflective of postoperative complications and, perhaps more important, because this is the time course outlined in the Patient Protection and Affordable Care Act for which hospitals are held financially accountable for readmissions. 4 Our analysis revealed an overall 30-day readmission rate of 21.5%, which is slightly greater than that in a study 26 not accounting for nonindex institutions and in a study 31 excluding admissions deemed unrelated to the initial procedure, but it is similar to the recently reported readmission rate of 21.3% by Hyder et al. 32 In that study, the authors reported 30-day readmissions following pancreatoduodenectomy using Medicare data from the Surveillance, Epidemiology, and End Results program database, which is able to capture readmissions to multiple institutions from a large population. The 30-day readmission rate to our (index) institution was 17.6% overall, or 78.4% of all readmissions. These findings are consistent with the 12% to 20% overall index readmission rate previously described in the literature.
29,30
One objective in studying readmission after pancreatectomy is to identify risk factors that may predispose a patient to returning after discharge. 17, [25] [26] [27] [28] [29] [30] For example, Hyder et al 32 demonstrated that patient-level factors are the chief predictors of readmission, more so than hospital-level or surgeonlevel factors. Specifically, the authors showed that patient comorbidities represent the greatest risk factor for postoperative readmission within 30 days of surgery. However, that study evaluated comorbidities as a single score in a binary fashion, so specific patient-level characteristics were not identified. In our study, we demonstrated that baseline patient-level factors, including age and preexisting liver disease, were predictive of readmission. The independent association between preexisting liver disease and more frequent readmission described herein had not been shown previously, to our knowledge. One explanation for this is that previous studies 26, 31 have not considered liver disease among baseline comorbidities. Given a prevalence of 9.2% among our population and the physiological plausibility that comorbid liver disease would contribute to an increased postoperative morbidity, we thought this was a pertinent consideration. The role of hepatic insufficiency should be studied further in additional populations because the ability to risk stratify will be essential in comparing readmission rates among diverse patient populations.
Patients undergoing distal pancreatectomy in our study also exhibited a higher risk of readmission than patients undergoing pancreatoduodenectomy. Previous comparisons of these 2 procedures are limited, but our findings are consistent with those by Reddy et al, 17 who found an increased readmission rate among those who underwent distal pancreatectomy. This may be reflective of an increased risk of pancreatic leak after distal pancreatectomy, 36 likely because of a tendency for softer pancreas texture, higher blood loss in the setting of concomitant splenectomy, or other factors.
37,38
Postoperative morbidity rates following distal pancreatectomy range from 22% to 37% based on available data, 39,40 including a 26% incidence of pancreatic fistula. 37 New trends toward fewer concomitant splenectomies and improved pancreatic stump closure methods may facilitate lower postoperative morbidity rates in the future. Nonetheless, the significant difference in readmission rates between procedures points to the importance of establishing procedure-specific baseline readmission rates, rather than relying on more generalized organ-based or diagnosis-based benchmarks. While identifying preoperative characteristics predicting readmission has proven to be difficult, certain postoperative factors have been consistently associated with readmission. The length of stay during the index hospitalization has been studied extensively. 17, 30, 31 Fong et al 31 found that an admission of 7 days or longer was associated with an increased risk of readmission, and Reddy et al 17 demonstrated similar findings using a threshold of 10 days. On univariable analysis, we found that the quartile of patients with the shortest length of stay (≤6 days) was less likely to be readmitted, while the quartile with the longest length of stay (≥14 days) showed a trend toward more frequent readmission. However, in the multivariable model accounting for confounding factors, the length of stay was not associated with the readmission rate. Our findings are consistent with those reported by Hyder et al, 32 who demonstrated that the index length of stay was not independently associated with readmission following pancreatoduodenectomy. The data suggest that the length of hospital stay in and of itself does not contribute to frequent readmission, but rather is associated with other factors such as surgical complications that ultimately lead to more frequent readmissions.
tula, and wound complications are common after pancreatectomy and have been shown to be assoc iated w ith readmission. 26, 30, 31, 35 We sought to build on this body of knowledge by identifying not only complications but also inhospital interventions that were associated with readmission. On multivariable analysis, intra-abdominal drain placement remained an independent predictor of subsequent readmissions. Regardless of the indication for drain placement, patients who underwent this intervention were almost 3 times more likely to be readmitted. The need for drain placement was likely an indicator of the severity of abdominal complications such as abscess and pancreatic fistula, and its presence in the model reflects a more extensive intraabdominal process that ultimately led to readmission. It is also possible that patients discharged with a drain in place are experiencing complications of the device itself. As such, interventions to ensure that patients are comfortable in caring for their drains before discharge represent a simple and effective way to potentially decrease readmissions. Similar to others, 26,27,30-32 we found that the most common reasons for readmission were gastrointestinal or nutritional concerns. Some of these readmissions are secondary to dehydration or a failure to thrive and indicate that, even after demonstrating adequate oral intake in the hospital setting, maintaining sufficient intake after discharge remains a challenge. Also consistent with previous findings, we observed a high rate of readmission secondary to infection. Gastrointestinal, nutritional, and infectious concerns are most intuitively related to complex abdominal surgery; together they accounted for more than 70% of readmissions. Patients with these concerns tended to return to our institution. Patients readmitted for vascular, genitourinary, pulmonary, or cardiac problems were no more likely to return to our institution than to an outside institution. On the other hand, patients readmitted for reasons not clearly related to the above categories were more likely to return to an outside institution. Regardless of the diagnosis for readmission, almost 22% of readmissions took place at an institution other than ours. While previous studies 26, 31 have asserted that most patients will return to the specialty center where their surgery was performed, these data do not fully support this notion. Our study population consisted of only those patients who resided in the state of Maryland; yet, despite their relative proximity and despite our insistence on patients returning to our institution, more than 1 in 5 were readmitted elsewhere. This serves to emphasize that some patients will return to the hospital within their immediate means, and readmissions are significantly underestimated when outside admissions cannot be tracked. As such, it is imperative that even those institutions that do not routinely perform pancreatectomy must be familiar with the nature and risk factors of postpancreatectomy readmissions because patients may return to smaller institutions closer to home for postoperative assessment and the initial management of related complications. The limitations of our study deserve discussion. First, this was a retrospective review of a prospectively maintained database and as such is susceptible to potential errors in data records, such as inaccurate coding or missing values. Second, although we extended our matching algorithm to capture all patient readmissions within Maryland, we were unable to capture potential out-of-state readmissions. In light of this, our cohort was restricted to Maryland residents, which limited our sample size and study power. Third, as indicated, our novel method of probabilistic matching in rare instances may have incorrectly matched or failed to match patients who were readmitted to other hospitals. Although our algorithm was highly sensitive and specific on internal validation (93.3% and 98.6%, respectively [eMethods in the Supplement]), this method has not been validated in other data sets. Despite these shortcomings, our study was able to combine the strengths of institutional studies (eg, consistent postoperative pathways and care teams, recording of operative details, and specific complication rates) and population-based records (eg, readmissions to outside institutions) to uniquely establish a baseline readmission rate after pancreatectomy and compare readmissions to the index and nonindex institutions. To our knowledge, no previous studies have assessed specific reasons for readmission based on the readmission site. Furthermore, our study differs from a large, population-based study 25 in its ability to track specific postoperative interventions contributing to readmission (eg, postoperative drain placement) and identify specific comorbidities that may have a role as well.
32
Conclusions
Early readmission after pancreatectomy is a common phenomenon, occurring in one-fifth of patients. Specific patientlevel factors may identify patients at an increased risk of early readmission, as well as those at an increased risk of subsequent mortality. We used novel methods to assess readmissions to our institution and to others and validated the 21.3% readmission rate reported by Hyder et al 32 as a realistic baseline when accounting for readmissions to index and nonindex hospitals. Pancreatectomy is a complex procedure for which we believe most readmissions are not a reflection of health care quality, but rather the expected variation in a complicated postoperative course. Plans to associate reimbursement schemes with readmission rates will need to consider these factors, particularly in the setting of complex procedures such as pancreatectomy.
